found that some of the tri is eliminated in the urine in the form of trichloracetic acid, several writers have set out to analyse the urine of workers and to take the quantity oftrichloracetic (T.C.A.) acid found as the criterion of exposure. Ahlmark and *This work has been made possible by the generosity of the National Foundation for the Development of Swiss National Economy through Scientific Research. tThis paper was submitted in French and has been translated. $According to a circular letter by Ahlmark (Sweden) and an article published by Bardodej, Berka, Chalupa, Nesvadba, and Vysko6il (1952) . Forssman (1951a) examined 122 workers dealing with tri and found subjective disturbances in 50%
of these men who were eliminating between 40 and 75 mg. of trichloracetic acid per litre of urine. In almost all cases where elimination exceeded 100 mg. per litre disturbances were present. These writers concluded that an elimination of up to 20 mg. of trichloracetic acid per litre of urine could be tolerated.
In view of the fact that until now there has been no systematic investigation into exposure to tri in the mechanical engineering industry, we considered that such a study would be useful.
We decided to proceed by determining the concentration of tri in the air in workshops and by measuring the elimination of trichloracetic acid by workers, at the same time inquiring into their general state of health.
Method Analysis of the Air.-We collected tri vapours in ethylic alcohol 95% by passing the air to be successively analysed through two washing bottles (impingers). The volume of air passing through the washing bottles was checked and determined by means of a flowmeter.
The tri absorbed was then quantitatively measured according to the method of Truhaut (1951) , which we modified slightly. This method is based on a coloured reaction between the tri and the pyridin in an alkaline medium (Fujiwara's reaction). Our modifications of Truhaut's method were as follows:
To 1 ml. of the alcohol solution of tri we added 3 ml. of pyridin (purified) and 1 ml. of 1% NaOH in alcohol. After shaking, the solution was heated for five minutes in a water-bath at 650 C. A violet-red colour developed uniformly throughout the solution. When it cooled, BRITISH JOURNVAL OF INDUSTRIAL MEDICINE at a wavelength of 550 ,u (or 5500 A.) . We prepared a graph for every series of analyses.
Analysis of Trichloracetic Acid in the Urine. -Ahlmark and Forssman (1951a) found that there was only a very slight variation in the elimination of T.C.A. in the course of the day. During our preliminary experiments, we ourselves noted that the quantities of T.C.A. varied only slightly from day to day for the same worker. We therefore confined ourselves to examining samples of urine taken at any hour of the day.
The quantitative analysis of the T.C.A. was carried out according to Fabre's (1949) method which we modified slightly. After treating with tungstate according to Fabre's directions, to 1 ml. of filtrate we added 3 ml. of pyridin and 1 ml. of N.NaOH (purified). The next steps were identical with those described above for the quantitative analysis of tri in the air. It A blood examination, including a count of red corpuscles, a determination of the haemoglobin, and the sedimentation rate, and a differential white cell count, was made.
We also carried out biochemical tests to determine non-protein pitrogen, plasma protein, serum bilirubin, blood cholesterol, serum iron and alkaline phosphatase, the Takata-Ara reaction, the Hangar reaction, the Weltmann test, the cadmium reaction, the Quick test, and the blood calcium.
An analysis of urine, including an examination for albumin, sugar, and urobilinogen, was made.
We examined in all 80 workers, seven of whom stopped working with tri from three weeks to six years before. Twenty-three of the workers were not clinically examined and in these we confined ourselves to a case history of subjective troubles and an analysis of trichloracetic acid in the urine. These 80 workers were employed in 24 workshops belonging to 10 different factories of the Swiss mechanical engineering industry.
In all these factories tri is used in degreasing equipment. This time parts were left to drip and dry inside the tank. The results of this experiment are shown in Fig. 1 . We found that the concentration of tri in the air was considerably reduced when drying time inside the apparatus was prolonged from half a minute to five minutes.
Tri equipment is cleaned once or twice a week. We examined the concentration of tri near the tank during one cleaning operation. In the case in question, the workman emptied the tank, rinsed it with water from a powerful hose pipe, then got inside the tank and spent half an hour cleaning with a scrubbing brush. Analyses of the air showed a concentration of 1,120 p.p.m. outside the tank while the hose pipe was in action, with 815 and 395 p.p.m. inside the apparatus during and after the scrubbing respectively (Fig. 2) .
We also made air analyses using various methods of ventilation while work was being carried on normally. The workshop under consideration was fitted with a mixed system of mechanical ventilation including both air suction and air blowing. On the upper edge of the tri tank was fixed a lateral suction pump which was intended to get rid of the rising tri vapour. The results were as follows: We found in this first series of experiments that concentrations of T.C.A. in the urine varied on an average between 30 and 300 mg./l. The variations in concentration from day to day were less marked in the same man than were the differences between man and man. We also found that the total quantities of T The amounts for workmen dealing all day with tri confirmed the relation calculated above for the theoretical exposure.
The coefficient of determination, B = 0.46, together with a study of the total amounts shown in Fig. 4 showed to what extent the wide scatter of the results might affect the relation we tried to establish between elimination of T.C.A. and exposure to tri. Fig. 6 shows the average ratios of T.C.A. to theoretical exposure for both closed and open apparatus. We noted that elimination of T.C.A. in relation to theoretical exposure was very much higher for men working at closed apparatus than for men working at open apparatus. This difference is certainly due to the fact that the concentrations of tri found in the air in the region of the closed tanks are relatively low. Nevertheless, these men are occasionally exposed to very high concentrations of tri which evade air analyses, especially during the cleaning of the apparatus-a job that causes relatively high elimination of T.C.A.
We had the opportunity of studying variations in the elimination of T. near an open tank for a fixed period (Fig. 7) Fig. 8 .
The length of time these people were in contact with tri varied from one month to 15 years, the average being three and three-quarter years. The division into total periods of exposure is shown in Fig. 9 .
In Fig. 10 General Remarks on State of Health.-Most of the workers who handle tri are in a low-paid category, their professional and social ambitions are almost non-existent, and their standard of living is certainly well below that of the average Swiss workman. We were not therefore surprised to find that the general health of the men examined was frequently bad.
As we were not acquainted with the normal incidence of disease in the various categories of Swiss workmen, we could not state with certainty to what extent subjective troubles and those revealed by clinical examinations might be attributed to contact with tri. It did seem to us, however, that troubles and lesions of the peripheral, central, and vegetative nervous systems were very frequent in this group. For this reason we endeavoured to establish a relation between the rate of incidence of both nervous troubles and subjective troubles and the known factors regarding exposure.
In Fig. 11 we classified workers according to their exposure to tri. We found that the rate of incidence of vegetative and neurological disorders was distinctly higher in Group III than in the other two groups. Results were submitted to statistical analysis using the Fisher (1946) test. There were significant differences (p = 0 05) in the incidence of neurological disorder between Groups I and III, while between Groups II and III there were significant differences (p = 0 05) in vegetative and neurological disorders. Other differences were not significant.
Similarly, we classified our 50 workers in three categories according to the amount of T.C.A. eliminated in the urine. The results plotted in Fig. 12 show that subjective, vegetative, and neurological disorders were more frequent in Groups II and III than in Group I. Statistical analysis revealed the following significant differences (p < 0-01): subjective disorders between I and II ; vegetative disorders between I and II and between I and III; neurological disorders between I and (II + III).
In Fig. 13 Discussion of Results Our work showed that the determination of the concentration of tri in the air provided useful information regarding the efficacy of the tri plant in use and the dangers attendant on the methods of work. We had, however, to admit that often such readings provided insufficient indication of the total extent of exposure of the worker, who might sometimes inhale large quantities of tri which would not be included in the routine air analyses (special tank cleaning jobs, renewal of tri, etc.).
The simultaneous measurement of tri in the air and the amount of T.C.A. eliminated revealed the existence between these phenomena of a ratio corresponding, on an average, to the following: T.C.A. (mg./l.) : tri (p.p.m.) = 3: 1.
This ratio differed widely from one individual to the next, but in most cases it varied between 2 : 1 and 6 : 1. These ratios were valid in respect of continuous exposure for eight hours per day and for concentrations of tri in the air varying between 10 and 100 p.p.m. Frant and Westendorp (1950) studied the relationship between elimination of T.C.A. (in mg./l.) and exposure to tri (in p.p.m.) in the case of seven workers and found proportions varying from 4: 1 to 1: 1. Friberg, Kylin, and Nystrbm (1953) found in the case of three workers exposed for five days to tri vapours of between 100 and 150 p.p.m. an elimination of T.C.A. varying between 250 and 500 mg. / 1. These results were equivalent to a ratio of 2-5 :1, 3 :1, and 6 :1. These few examples taken from existing data correspond quite closely to our own findings. Barrett and his collaborators (1939) considered that the T.C.A. eliminated in the urine consisted of 5 to 8% of the tri absorbed by the human organism. Soucek and his collaborators (1952) found in nine cases exposed for five hours to concentrations of tri of between 0-5 and 1-3 mg./I.
of air an elimination of T.C.A. varying between 7 and 27% of the tri absorbed, the average being 16%. Ahlmark and Forssman (1951 b ) administered doses of tri of between 0-5 and 2-26 g. in 10-min. inhalation periods, and found that from 6 to 16% of the tri absorbed was eliminated in the form of T.C.A. Forssman and Holmquist (1953) Ahlmark and Forssman (1951a) , the limit of tolerance of T.C.A. should be fixed at 20 mg./I. We may conclude from our experiments that this limit of 20 mg./l. should correspond to an exposure of 5 to 10 p.p.m. On the other hand, we find that the majority of authors and of organizations dealing with industrial hygiene put forward a maximum allowable concentration of 100 to 400 p.p.m., corresponding to an elimination of T.C.A. of at least 200 mg./l. There is, therefore, a considerable discrepancy between permissible limits for both tri in the air and T.C.A. in the urine. Russian and Czechoslovak authors are alone in laying down a limit of 9 p.p.m., which corresponds to the maximum concentration of T.C.A. put forward by Ahlmark and Forssman. Our clinical examinations revealed that most of the workers suffered from various nervous troubles which increased with exposure to tri, from which we may conclude that some, at any rate, of the troubles observed should be attributed to contact with tri. Symptoms of chronic poisoning were caused by exposure to concentrations of tri in the air varying, in general, between 20 and 80 p.p.m. the average being about 40 p.p.m. The same workers eliminated quantities of T.C.A. varying in general between 10 and 250 mg./l., the average being 96 mg./l.
From these results we conclude that the maximum permissible concentration of tri in the air for continuous work should be fixed at less than 40 p.p.m., and the corresponding limit of T.C.A. in the urine at less than 96 mg./l.
Summary
The concentrations of trichlorethylene (tri) vapours have been measured in the air of 24 workshops, and the eliminations of trichloracetic acid (T.C.A.) have been determined in the urine of 73 workers. A method based on the Fujiwara reaction was used.
The The concentration of trichloracetic acid varied between 8 and 444 mg./l. urine; the mean value was 84'7 mg./l.
The ratio between the elimination of trichloracetic acid in mg./l. and the trichlorethylene exposition in p.p.m. for the men occupied the whole day with trichlorethylene was, in the mean, equal to 3: 1. This ratio varies greatly, the younger workers having on an average a ratio of 6 : 1 and the elderly subjects one of 2: 1.
The eliminated trichloracetic acid is in the mean 13% of the trichlorethylene inhaled during a work period of eight hours.
The clinical examinations showed a relatively high frequency of subjective complaints, of alterations of the vegetative nervous system, and of neurological and psychiatric symptoms. There is a relationship between the frequency of those nervous alterations and the degree of exposure to trichlorethylene.
The determinations of the concentration of trichlorethylene in the air and the corresponding elimination of trichloracetic acid in the urine show that there is a great discrepancy between the actually accepted mean allowable concentration value for trichlorethylene and that for trichloracetic acid. We conclude from our results that the mean allowable concentration for trichlorethylene should be fixed below 40 p.p.m., and that the mean allowable concentration for trichloracetic acid should be fixed below 96 mg./l.
